Abstract -Objectives: Early childhood caries (ECC) is rampant among American Indian children, but there has been relatively little study of this problem. This article reports on risk factors for caries for a group of American Indian children at age 36 months as part of a longitudinal study. Methods: Pregnant women from a Northern Plains Tribal community were recruited to participate in a longitudinal study of caries and caries risk factors. Standardized dental examinations were completed on children, and questionnaires were completed by mothers at baseline and when children were 4, 8, 12, 16, 22, 28, and 36 months of age. Examinations were surface-specific for dental caries, and the questionnaires collected data on demographic, dietary, and behavioral factors. Nonparametric bivariate tests and logistic regression models were used to identify risk factors for caries at 36 months, and negative binomial regression was used to identify factors related to caries severity (dmf counts). Results: Among the 232 children, and caries prevalence for cavitated lesions was 80%, with an additional 15% having only noncavitated lesions. The mean dmfs was 9.6, and of the total dmfs, nearly 62% of affected surfaces were decayed, 31% were missing, and 7% were filled. Logistic regression identified higher added-sugar beverage consumption, younger maternal age at baseline, higher maternal DMFS at baseline, and greater number of people in the household as significant (P < 0.05) risk factors. Negative binomial regression found that only maternal DMFS was associated with child dmf counts. Conclusions: By the age of 36 months, dental caries is nearly universal in this population of American Indian children. Caries risk factors included sugared beverage consumption, greater household size, and maternal factors, but further analyses are needed to better understand caries in this population.
It is well-documented that dental caries prevalence among young American Indian and Alaska Native (AI/AN) children has remained high for many years (1) (2) (3) . At the same time, while there has recently been a slight increase caries prevalence among the youngest U.S. children, there has been a steady decline in caries prevalence among all U.S. children over the past 30 + years (4, 5) . As a result, there is a very large disparity in caries prevalence between AI/AN children and other children. Specifically, decay experience among AI/AN 2-to 5-year-old children was 62% as reported in the 2010 Indian Health Service (IHS) Oral Health Survey of Preschool Children (1), while caries prevalence was 25% for non-Hispanic white children, 32% for Black children, and 42% for Mexican American children among 2-to 5-year-olds nationally, as reported from NHANES 1999 to 2004 data (4) .
While caries prevalence is much higher among AI/AN children, there is virtually no information as to why caries continues to be very prevalent and severe in this population (1) . NHANES data indicate that children living in poverty (i.e., annual incomes <100% of the U.S. federal poverty level for families of a particular size -about $24 000 for a family of four) have substantially higher rates of caries than those not living in poverty (4) . Moreover, many AI/AN reservations are situated in some of the most impoverished areas in the U.S. (6) , so that factors associated with poverty undoubtedly play a role in the high caries rates among AI/AN children. However, it remains unclear what specific biological, behavioral and environmental factors contribute to caries in impoverished populations, and particularly in AI/ AN populations.
Dietary and oral hygiene factors have been most commonly reported as risk factors for caries among impoverished children (7) (8) (9) , while bacterial (10, 11) and maternal factors (11, 12) have also been identified in these populations. Among AI/AN children, only one U.S. and one Canadian study have examined risk factors for caries in these populations (13, 14) . The U.S. study included 77 children 12-36 months of age, and found that prolonged bottle use, falling asleep with a bottle, higher frequency of between-meal snacks and delayed initiation of tooth cleaning were associated with having caries 13 . A study of 315 First Nations children aged 2-6 years in the Northwest Territories of Canada found that children who drank sweetened crystalbased beverages were at higher risk for caries (14) . The same study found that those from higher income families, those who were breastfed, those who were in communities with water fluoridation, and those who drank fruit juices and milk were at lower risk for caries 14 .
In summary, there is ample evidence that dental caries prevalence in young AI/AN children is very high relative to other populations, but there has been little research on factors associated with caries in the AI/AN population. Therefore, the purpose of this study was to assess the risk factors for dental caries among a cohort of American Indian children at age 36 months as part of a longitudinal study in this population.
Methods
This paper reports on factors related to caries among a cohort of children at age 36 months as part of a longitudinal study in a Northern Plains tribal community (15) . Expectant mothers and those who had recently given birth were recruited into the study over a period of one year beginning in June, 2009, with a recruitment goal of 250 mother-child pairs. Recruitment efforts included a media campaign (posters and radio ads), and presentations made at various community sites and health clinics. Expectant women were also made aware of the study by staff at the local Indian Health Service (IHS) hospital, where nearly all tribal women received prenatal care. Baseline data were collected when children were 1 month of age (AE30 days), and included a caries examination of the mother, plaque samples from both mother and child, detailed nutritional data for mother and child, as well as information on childcare, child feeding practices, and family demographics. Data regarding plaque microflora and transmission are not included in these analyses; these data will be the focus of future papers.
All procedures were reviewed for proper ethical research practices and approved by the Tribal Community's Human Subjects Review Board, the Aberdeen Area IHS IRB, and the University of Iowa Human Subjects Committee.
Much of the same information collected at baseline was also collected at follow-up visits when the children were 4, 8, 12, 16, 22, 28, and 36 months of age (AE30 days). Specifically, the follow-up assessments included collection of plaque samples for mother and child, nutritional data for the child, childcare, and child feeding practices. Each child also received a dental examination at each followup assessment beginning when teeth were first present in the mouth. All data were collected by a study team consisting of a research assistant and one of four dental hygienist/examiners, who were trained by a gold standard dentist with experience in training examiners for epidemiological examinations. Data were recorded using paper forms and entered into a Web-based database developed for the study.
Nutritional data for mothers and children were collected using a validated beverage frequency questionnaire adapted from the Iowa Fluoride Study (16) , a 24-h dietary recall tool, and a food habit questionnaire. These tools were designed to assess overall diet quality and exposure to cariogenic factors including frequency and volume of exposure to fermentable carbohydrate substrates. Nutritional information was gathered for study children at each assessment, while data for mothers was collected only at baseline and at the 36-month assessment.
As described previously (15) , surface-level dental caries examinations were completed using a halogen headlight, a DenLiteâ illuminated mirror and explorer (Shepherd hook #23 explorer). The teeth were dried with gauze and visually inspected, and an explorer was used only to confirm areas of suspected decay and remove debris. In brief, the caries examinations were conducted by one of four trained and calibrated dental hygienist examiners and used dmf criteria adapted from those used by NHANES (4) and other studies. Training and calibration of examiners was completed by a gold standard dentist prior to the beginning of the study and subsequently midway through the study period. Reliability of the examiners was high and reported previously (15) . In addition to the dmf measures, noncavitated carious lesions were recorded as present or absent at the person level. Children's caries examinations were completed using the knee-to-knee method (17) , while the permanent dentition examinations for the mothers were completed by the same set of examiners and were carried out under field conditions with the mothers seated in ordinary chairs.
For these analyses, baseline demographic and dental data including mother's age, DMFS, brushing frequency, smoking habits, education level, annual family income, and household size were included and the association of these factors with child caries at 36 months of age was assessed. In addition, child beverage consumption data from the 36-month assessment, which included information on 17 different beverages and beverage consumption categories (e.g., added-sugar beverages) were assessed for relationships with caries at 36 months of age.
Data were converted into SAS format for analyses using SAS version 9.3 (SAS Institute, Cary, NC USA). Bivariate analyses were performed using the chi square and Wilcoxon rank sum tests. Regression modeling was guided by a priori hypotheses that maternal and socio-demographic factors were likely candidate predictors, as well as findings from bivariate analyses. Caries risk models were developed using multivariable logistic regression based on presence or absence of caries at 36 months and were confirmed using both forward and backward selection. The Hosmer-Lemeshow test was used to assess goodness of fit. Counts of decayed, missing, or filled surfaces at 36 months were modeled using multivariable negative binomial regression. A 5% significance level was used for all analyses.
Results
A total of 239 children and mother pairs were initially enrolled in the study. By the time of the 36-month examination, seven were lost to follow-up, leaving 232 subjects in the study. Of these children, 129 were female and 103 were males, with a mean age of 35.4 months. All of the children were American Indian (93%) or American Indian plus another race.
Of the 232 children providing data at the 36-month assessment, 186 (80.2%) had cavitated lesions and an additional 34 subjects (14.7%) had noncavitated lesions. Prevalence of cavitated lesions in boys was 83.5, while in girls it was 77.5% (P = 0.32).
The mean dmfs was 9.6 and was 9.8 in girls and 9.5 in boys (P = 0.86). Individual dmfs values ranged from 0 to 42 surfaces. The mean number of erupted surfaces present was 87.7, so that the proportion of all surfaces with dmf was 11.0%. The dmf distribution among affected surfaces was 61.7% decayed, 31.4% missing, and 6.9% filled. As seen in Figs 1 and 2 , the most commonly affected teeth were the maxillary central incisors with over 50% of these teeth affected. Table 1 presents comparison of mean values for  selected quantitative demographic and clinical  variables by caries status, while Table 2 presents comparisons for categorical variables. Higher maternal caries levels (as measured by DMFS), higher numbers of people per household, and lower maternal education level were associated with caries in the primary dentition. Table 3 presents comparison of mean proportion of total beverage from individual intake sources between those with cavitated caries and those with no cavitated caries. Among the beverages considered, added-sugar beverage consumption (which included juice drinks, flavored water, sugared drinks from powder, regular pop, sports drinks, energy drinks, and other sugared drinks) was significantly higher among children with caries than for children with no caries. In addition, those with caries experience had lower mean consumption of sugar-free beverages than those who had no caries experience.
Logistic regression analyses were used to assess variables contributing to caries in children, and as presented in Table 4 , cavitated caries was associated with younger maternal age, higher maternal DMFS, higher number of people in the household, and a higher proportion of added-sugar beverages consumed. Figs 3 and 4 illustrate the relationships among selected variables in the regression model. Figure 3 demonstrates that younger maternal age and greater household size are associated with higher probability of caries in children, while Fig. 4 shows how maternal DMFS and added-sugar beverage consumption influence the probability of caries in children. Table 5 presents the results of negative binomial regression analyses of factors associated with dmf counts at 36 months of age. Of all the factors considered (see Table 5 ), only maternal DMFS was associated with child dmf levels.
Discussion
This study found that over 80% of children had cavitated (dmf) caries by the time of their 3rd birthday. This finding of high prevalence of caries exist in a population of young U.S. children is alarming; however, it is not very surprising, as the prevalence reported in a recent Indian Health Service survey was 61% among 3-year-olds (1). Nonetheless, the prevalence and mean dmfs were very much higher than those in the U.S. general population as reported by the NHANES data (4) and suggest that perhaps some extraordinary factors play important roles in the caries etiology of this population. Bold typeface indicates statistically significant relationship. The study found that younger maternal age, higher added-sugar beverage consumption, higher maternal caries levels, and a higher number of people in the household were associated with caries in this population. Younger maternal age and higher added-sugar beverages have been identified as risk factors in many populations (7, 8, (18) (19) (20) and thus are not unique, but seem unlikely to fully explain the high prevalence of caries in this population. Higher maternal caries experience has also been found to be a risk factor in other studies (11, 12, 19, 21) , and the results of the negative binomial regression analyses found that maternal DMFS was associated with children's dmf levels. The use of continuous variables in the negative binomial regression analyses of the present study limits the comparability to previous studies (12, 21) , which used categorical or dichotomous measures of maternal untreated decay; nonetheless, the findings of a significant relationship are consistent between the present study and previous ones. Sugar-free beverages included sugar-free drinks from powder, diet soda pop, other sugar-free beverages (e.g., plain iced tea). d Nonsugar beverages included 'sugar-free beverages' plus water. e Sugared beverages included 'added-sugar beverages' plus 100% juice. A large majority (88% -data not shown) of mothers had untreated decay in the present study, so that extensive caries is characteristic in this population. Access to dental care is limited in many AI/ AN communities because there are few private providers in the remote areas where they are located and the Indian Health Service, which provides free dental care to tribal community members, is often under-staffed and cannot meet the extensive needs of the community. In addition, tribal community members often have to travel great distances to receive dental care, and many lack reliable transportation. As a result, most of the decay seen in children and adults remains untreatedoften for long periods of time. As a result, mothers in this study may have had very high loads of mutans streptococci that were harbored in areas of decay and were readily passed on to their children at a very early age. Given that maternal DMFS was significantly related to child dmf, other maternal factors that likely contribute to high DMFS levels, such as poor diet and lack of oral hygiene, may be reflected in mothers' child-care practices and thereby increased caries risk for the children.
The other caries risk factor identified in this study was that children with caries had a higher mean number of people residing in their households than did those without caries, which may be related to the patterns of bacterial transmission as mentioned above, but may also be a marker for the high levels of poverty in this population. The tribal community in this study is located in one of the poorest counties in the United States, where over 50% of people live below the federal poverty level, and the median annual household income is only $28 512 annually (6), compared to the U.S. national poverty rate of 15.3% and the U.S. average median annual household income of $50 046 (6) . However, while the relationship between poverty and higher caries prevalence is well known, it is not clear what specific conditions associated with poverty contribute to dental caries. The finding that higher numbers of people in the household are a risk factor for caries in this impoverished population suggests that crowded housing may play a role. From a bacterial transmission perspective, crowded housing may allow for more sources of transmission for cariogenic bacteria, and more importantly, increased opportunity for earlier colonization and colonization by more virulent species. In addition, crowded housing may foster an atmosphere for more exposure to cariogenic substrates, specifically a perceived need to pacify young children with sweetened beverages. Also, crowded housing may result in less consistent parenting practices and less consistent oral care for children due to having a variety of caregivers, or overly fatigued parents. Clearly, these issues warrant further research, including further analyses of the present study's data.
While this longitudinal study of dental caries among very young children in an AI population was unique, and the loss to follow-up was low, there were limitations. The study sample was drawn from a single tribal community and may not be representative of other American Indian communities, so that generalizing the findings to other American Indian populations must be done with caution. Moreover, due to the widespread prevalence of disease, the number of children without caries was modest, which imposed limitations on logistic modeling. In addition, due to the longitudinal design, the final sample which remained in the study for 3 years may represent a more compliant group than the general population and may have altered their behavior as part of being in the study (i.e., the Hawthorne effect). Lastly, the scope of the analyses was limited with some potentially important data, such as longitudinal dietary and tooth eruption data, not included.
In conclusion, this study found extremely high levels of dental caries in the sample of American Indian children by the time of their third birthday. Risk factors significantly associated with caries included higher added-sugar beverage consump- tion, younger maternal age, higher maternal DMFS, and a greater number of people living in the household. Negative binomial regression found maternal DMFS to be associated with child dmf. These factors may reflect the extreme poverty in this population including the high DMFS levels in mothers and suggest that social conditions may have a large impact on caries development in young children.
